Population-based rates of hospitalization for acute pyelonephritis were estimated over 3 years with use of provincial administrative data on health care. Retrospective review of records of ICD9-CM discharge codes of pyelonephritis and urinary infection was performed in two acute care institutions to validate the discharge diagnosis; 80% of patients with a discharge diagnosis of pyelonephritis and 7% to 20% of patients with a discharge diagnosis of urinary infection met clinical criteria for admission for acute pyelonephritis. Mean rates of hospitalization ± SD for acute pyelonephritis were 10.86 ± 0.51 per 10,000 population among women and 3.32 ± 0.27 per 10,000 population among men. From 18% to 31% of hospitalized women aged 20-39 years were pregnant; 36% of 797 hospitalized women and 21% of 402 hospitalized men 40 years of age or older were diabetic. The hospitalization rates among Native American women with treaty status were five to 20 times greater than those among other women, which was partially attributable to a significantly greater frequency of pregnancy and diabetes in the former women. Hospitalization for acute pyelonephritis is common, and pregnancy and diabetes contribute substantially to hospitalization rates. The increased hospitalization rate among Native American women with treaty status is not fully explained by pregnancy or diabetes.
Population-based rates of hospitalization for acute pyelonephritis were estimated over 3 years with use of provincial administrative data on health care. Retrospective review of records of ICD9-CM discharge codes of pyelonephritis and urinary infection was performed in two acute care institutions to validate the discharge diagnosis; 80% of patients with a discharge diagnosis of pyelonephritis and 7% to 20% of patients with a discharge diagnosis of urinary infection met clinical criteria for admission for acute pyelonephritis. Mean rates of hospitalization ± SD for acute pyelonephritis were 10.86 ± 0.51 per 10,000 population among women and 3.32 ± 0.27 per 10,000 population among men. From 18% to 31% of hospitalized women aged 20-39 years were pregnant; 36% of 797 hospitalized women and 21% of 402 hospitalized men 40 years of age or older were diabetic. The hospitalization rates among Native American women with treaty status were five to 20 times greater than those among other women, which was partially attributable to a significantly greater frequency of pregnancy and diabetes in the former women. Hospitalization for acute pyelonephritis is common, and pregnancy and diabetes contribute substantially to hospitalization rates. The increased hospitalization rate among Native American women with treaty status is not fully explained by pregnancy or diabetes.
Urinary tract infection is one of the most frequent bacterial infections [1, 2] . Acute pyelonephritis, primarily a disease in women, is a potentially severe manifestation of urinary infection [2] . The clinical spectrum of acute pyelonephritis ranges from mild flank pain with little or no fever to substantial morbidity including conditions requiring hospitalization, bacteremia, and, occasionally, septic shock [2] . Despite the frequency and potential severity of pyelonephritis, there are little population-based data describing the occurrence of disease or utilization of health care resources for pyelonephritis.
The single-payer health care system in Canada has allowed the development of comprehensive provincial databases that capture information related to individual utilization of health care services for virtually the entire provincial population [3, 4] . Thus, these administrative data should be powerful tools for studying population-based occurrence ofdisease and utilization of disease-specific health care services. Use ofthe adminis-trative data may, however, be limited by the specificity and validity of diagnostic codes [5] .
This study was undertaken to describe the impact of acute pyelonephritis on hospitalizations in Manitoba, Canada, during a 3-year period. The provincial administrative databases were used, and review of selected records was undertaken to determine the validity of the discharge diagnosis. Variations in age, gender, and ethnic background and the contributions of diabetes and pregnancy to hospitalization were also analyzed.
Methods

Administrative Data
All residents of the Province of Manitoba have unique health record identifiers, including birth date and gender [3, 4] . A population registry accurately defines the status ofhealth insurance coverage for each resident, and all health insurance claims are filed routinely with Manitoba Health [4] . The primary database used for this study was Manitoba Health's file of hospital discharges, reported for the fiscal year of 1 April to 31 March. This file does not include visits to emergency departments or stays in observation units without hospitalization. Discharge diagnoses are recorded with use ofICD9-CM codes. This study used the ICD9-CM codes for acute pyelonephritis (590.1, 590.11, 592.9, and 590.8) and unspecified urinary tract infection (599.0).
Additional databases were linked with hospital discharges to identify selected patient characteristics. Women who were admitted to the hospital for pregnancy-related conditions within 8 months after their discharge with pyelonephritis were identi- fied. The annual number of deliveries was determined from hospital claims with use of ICD9-CM codes V270-275.
Diabetics were identified by review of all hospital discharges with any diagnosis of diabetes from 1987-1988 to 1991-1992 and physician billing claims from 1989-1990 to 1991-1992 . Use of hospital and medical claims to identify the prevalence and incidence of diabetes in the Manitoban population has been previously validated [3] . To identify aboriginal ethnicity, treaty status was ascertained through the provincial population registry, which identifies Native Americans through registration under the Indian Act of Canada.
Validation of Discharge Diagnosis of Acute Pyelonephritis
To validate the accuracy of a discharge diagnosis of acute pyelonephritis for an admission because of acute pyelonephritis, hospitalizations for acute pyelonephritis or urinary tract infection at the. Health Sciences Centre (HSC) and the St. Boniface Hospital (SBH) in Winnipeg were reviewed for 1991-1992. These are the two .largest acute care institutions in Manitoba; they accounted for 33% of discharge diagnoses of pyelonephritis and 24% of discharge diagnoses of urinary infection that year. Genitourinary abnormalities defining complicated pyelonephritis [6] , associated bacteremia, diabetes, and pregnancy, were also identified. Diabetes was identified only if the patient was receiving oral hypoglycemic or insulin therapy.
The record review used standard, predetermined criteria for a diagnosis of acute pyelonephritis and urinary. infection. The diagnosis of pyelonephritis was -considered definite if there was a positive urine or blood culture, fever, and flank pain or tenderness. The diagnosis of pyelonephritis was considered probable if there was fever, flank pain or tenderness, and no available results from a urine culture or if there was flank pain or tenderness, bacteriuria, and no documented fever.
Patients meeting criteria for either definite or probable pyelonephritis were considered to have acute pyelonephritis. Patients were considered to have urinary infection if they met criteria for definite or probable pyelonephritis, if the same organism was isolated from blood and urine cultures, if they had fever and bacteriuria with or without localizing genitourinary sYmPtoms and no other apparent source of infection, or if they had aSYmPtomatic urinary infection and were admitted to the hospital for parenteral therapy for coverage of resistant organisms.
Data Analysis
Hospitalization rates (the number of hospitalizations per 10,000 population) were calculated on the basis of sex, treaty status, and nontreaty status, and these rates were stratified by 1O-yearage groups. The prevalence of diabetes by sex and age group in Manitoba has been previously estimated [3] ; these estimates were used to calculate the incidence of hospitalizations for pyelonephritis in diabetic and nondiabetic groups. The number of deliveries was used as a denominator when rates of hospitalization for pyelonephritis during pregnancy were computed. Use of this number would somewhat overestimate the occurrence of pyelonephritis during pregnancy because there are more pregnancies than deliveries. Calculations of relative risk and confidence intervals were done according to standard methods [7] .
Results
Validation of ICD9-CM Discharge Code
During 1991-1992, there were 838 patients with a discharge diagnosis of acute pyelonephritis, and 976 hospital discharges were coded as urinary tract infection. We reviewed the records of the 187 and 146 hospitalizations for pyelonephritis and urinary infection, respectively, at HSC and the 101 and 52 hospitalizations for pyelonephritis and urinary infection, respectively, at SBH (table 1) .
In both hospitals, 80%-81 % of those patients with a discharge diagnosis of acute pyelonephritis met criteria for admission for definite or probable pyelonephritis. At both. hospitals, 22% of cases were considered probable, generally because urine .for culture was not obtained or culture of urine was performed after antimicrobial therapy was initiated. In addition, 7.6% and 39% of cases with a discharge diagnosis of urinary infection at HSC and SBH, respectively, met criteria for definite Table 1 . Validation of discharge diagnosis and summary of associated factors for patients with a discharge diagnosis of acute pyelonephritis or urinary tract infection at two hospitals in Manitoba, Canada.
Diagnosis on computerized discharge abstract .
Pyelonephritis
Urinary infection or probable pyelonephritis. At HSC, 28 of the 50 patients without urinary tract infection were, in fact, outpatients undergoing urologic investigation. When these patients were excluded, 9.5% of individuals with a discharge diagnosis ofurinary infection met criteria for definite or probable pyelonephritis. Overall, 11 patients (7.6%) and 20 patients (39%) at HSC and SBH, respectively, who had discharge diagnoses coded as urinary infection met criteria for admission for acute pyelonephritis. All 64 admissions of pregnant women who were identified in the audit and the admission of one additional woman with postpartum pyelonephritis were identified through the administrative data. These data also identified 44 (96%) of 46 diabetic patients noted in the audit and an additional 16 discharged diabetic patients (26%) not noted in the audit. The higher proportion of diabetics found with use of the administrative data reflects the restrictive criteria (oral hypoglycemic or insulin therapy) used to identify diabetics through the audit. This finding is consistent with that of a previous study from Manitoba [8] , where 25% of women referred to endocrinology clinics at HSC or SBH for evaluation of diabetes were not receiving specific antidiabetic therapy.
Some patients with a discharge diagnosis of pyelonephritis had hospital-acquired pyelonephritis. For instance, 9 (24%) of 38 discharged patients at HSC had hospital-acquired pyelonephritis. Individuals with any hospital-acquired infection are likely to have a more prolonged hospitalization. At HSC, the mean lengths of hospitalization ± SD for subjects meeting criteria for pyelonephritis at admission, for those meeting criteria for other urinary infections, and for those not meeting criteria for pyelonephritis at admission were 7.8 ± 13.2 days (median, 5 days), 10.1 ± 7.5 days (median, 8 days), and 54.9 ± 129.4 days (median, 10.5 days), respectively. At SBH, these mean lengths of hospitalization ± SD were 6.7 ± 7.5 days (median, 5 days), 7.8 ± 9.9 days (median, 5 days), and 16.0 ± 22 days (median, 5 days), respectively. Thus, the administrative data may not be reliable for measuring length of hospitalization for pyelonephritis.
The record review also identified the following associated factors in patients admitted for pyelonephritis at HSC and SBH, respectively: complicated genitourinary factors, 34% and 33%; pregnancy, 22% and 38%; diabetes (patient receiving antidiabetic therapy), 17% and 11%; and bacteremia, 6.6% and 9.8% (table I) .
Comparability of Audit Population with Populations at Other Facilities
Age, gender, and length ofhospitalization for patients whose admission diagnosis of pyelonephritis was confirmed in the audit were compared with findings for three distinct patient groups identified with use of the administrative data. These groups included patients discharged with a diagnosis of pyelonephritis in 1991-1992 from the two teaching hospitals (of whom the audit population was a subgroup), patients discharged from the six large (> 100 beds) community hospitals in Manitoba, and patients discharged from the other 66 hospitals and nursing stations in Manitoba that are designated as rural. Gender distributions were similar (table 2) .
The age distributions of the audit and administrative data populations in the teaching hospitals were similar. The teaching hospitals had a higher proportion of young patients, a finding consistent with the fact that the provincial children's hospital and pediatric urologists are located at these two hospitals. The community and rural hospitals had a higher proportion of elderly men. Otherwise, the age distributions of the groups were generally consistent. The length of hospitalization for the audit population was similar to that for the community hospital population and slightly longer than that for the rural hospital population. Thus, the characteristics of patients at different types of institutions were similar and consistent with the anticipated profile for patients with acute pyelonephritis.
Rates of Hospitalization for Acute Pyelonephritis in Manitoba
During 1989-1990, 1990-1991, and 1991-1992 , there were 786 (6.94 hospitalizations per 10,000 population), 790 (6.95 hospitalizations per 10,000 population), and 856 (7.51 hospitalizations per 10,000 population) patients with discharge diagnoses of acute pyelonephritis. These patients represented 0.4%-0.44% of all provincial hospitalizations for the three study years. The mean hospitalization rates ± SD over 3 years were 10.86 ± 0.51 per 10,000 population among women and 3.32 ± 0.27 per 10,000 population among men. From 17% to 19% of persons hospitalized had treaty status. The mean rate ± SD among women with treaty status was 46.11 ± 4.86 per 10,000 population compared with 9.01 ± 0.47 per 10,000 population among all other women (RR, 5.12; 95% CIs, 4.23, 6.20). The mean rate ± SD among men with treaty status was 4.76 ± 1.59 per 10,000 population compared with 3.24 ± 0.27 per 10,000 population among all other men (RR, 1.47; 95% CIs, 0.85, 2.53).
Rates of hospitalization by age and gender are shown in figure 1 . The peak rates were among women 20-29 years of age and older than 70 years of age. Although females 0-19 years of age and 20-29 years of age were five and 12 times, respectively, more likely to be hospitalized for acute pyelonephritis than were males in the same age groups, women older than 70 years of age were only about 1.3 times more likely to be hospitalized for acute pyelonephritis than were men in the same age group. At any age, hospitalization rates among women with treaty status were substantially higher than those among all other women.
Pyelonephritis During Pregnancy
The proportion of all women younger than 40 years of age who had discharge diagnoses of pyelonephritis and who were pregnant ranged from 58 (18%) of 322 to 121 (31%) of 386. The proportion of women with treaty status who had discharge diagnoses of pyelonephritis and who were pregnant ranged 8 (17) 25 (13) 12 (18) 24 (10) 14 (29) 22 (13) 17 (23) 28 (10) 70 8 (17) 28 (14) 16 (24) 25 (11) 19 (39) 28 (17) 24 (33) from 26 (33%) of79 to 44 (50%) of88; these proportions were significantly higher than those of other pregnant women for all 3 years (P < .001). The rates of hospitalization for acute pyelonephritis in pregnant women as a proportion ofall deliveries increased from 0.32% in the first year to 0.45% in the second year and 0.69% in the third year (table 3) . The relative risk of hospitalization for pregnant women with treaty status was 4.2 to 5.95 greater than that for other pregnant women, and the rate of hospitalization for pregnant women with treaty status increased from 1.25% in the first year to 2.1 % in the third year.
Pyelonephritis in Diabetic Patients
Seventy-one percent of 154 women with treaty status who were older than 40 years of age and were hospitalized during the three study years were diabetic, while 28% of 633 women without treaty status who were hospitalized were diabetic (P < .001). For men older than 40 years of age, five (33%) of 15 with treaty status and 78 (20%) of 387 without treaty status were diabetic (P = .22). The rates of hospitalization for pyelonephritis were substantially higher among both diabetic men and women (table 4). The rates of hospitalization for diabetes in men were similar among different age groups, whereas the rates ofhospitalization for diabetes in women were lowest among the oldest age group.
Pyelonephritis in Nonpregnant, Nondiabetic Women
The mean hospitalization rate ± SD among women not identified as either pregnant or diabetic was 7.41 ± 0.42 per 10,000 population. The mean hospitalization rates ± SD were 6.75 ± 0.41 per 10,000 population among women of all ages who did not have treaty status and 19.86 ± 2.95 per 10,000 population among women of all ages who had treaty status (RR, 2.94; 95% CIs, 2.22, 3.88). The relative risk increased consistently with age, ranging from 1.54-2.20 for females 0-19 years of age to 6.94-9.49 for women older than 70 years of age.
Discussion
Acute pyelonephritis is a relatively common, potentially severe bacterial infection that occurs disproportionately in women. About 250,000 admissions for pyelonephritis per year have been estimated to occur in the United States [1] . Despite the frequency and importance of acute pyelonephritis, population-based data describing the occurrence ofdisease are limited. This study used administrative data available through the provincial health program to explore the occurrence of pyelonephritis and the selected contributing factors in the entire Manitoba population. The information did not address the true incidence of pyelonephritis but did identify hospitalizations, which likely represented the more severe manifestation of the disease. In Manitoba, the overall rate of hospitalization for pyelonephritis in women was""' 1 case per 1,000 population; this rate is about three times higher than that among men.
A problem with using administrative data to measure population-based rates of disease is the reliability of the discharge diagnoses [5] . Our record review documented that 80% of patients with a discharge diagnosis of acute pyelonephritis met audit criteria for admission for acute pyelonephritis. Although the observed rates may overestimate the true frequency of hos- Table 4 . Estimates of rates of hospitalization for acute pyelonephritis in diabetic and nondiabetic populations in Manitoba, Canada, during the three study years.
most rural hospitals, and this fact likely explains the shorter lengths of hospitalization observed at rural institutions (i.e., rural institutions must admit less ill patients). Certainly the incidence of pyelonephritis in our provincial population is likely substantially higher than rates of hospitalization for pyelonephritis.
Rates of hospitalization for acute pyelonephritis were as frequent among women aged 20-29 years as among those older than 70 years of age. The peak rate among younger women partially reflects the contribution of pregnancy. Pyelonephritis during pregnancy may be associated with adverse fetal effects and is, to a certain extent, preventable. Prenatal care is provided at no cost to all women in Manitoba, and current Canadian guidelines recommend screening for bacteriuria at least once during early pregnancy [13] .
The reported incidence of pyelonephritis in pregnant women is 1%-2% in the absence of programs that screen for and treat asymptomatic bacteriuria and 0.3%-0.57% with effective screening and treatment programs [14] . Rates of hospitalization for pyelonephritis in pregnant women without treaty status are pitalization by up to 20%, additional cases coded under other diagnoses, such as urinary infection or septicemia, would lead to an underestimation of the true rates. Overall, our review suggests that hospitalization rates based on the discharge diagnosis of acute pyelonephritis are likely to be a reasonable approximation of true rates of admission.
Patients with mild symptoms of pyelonephritis are generally not admitted to the hospital [9] . In the United States, 25%-50% of patients presenting to emergency departments with acute pyelonephritis require hospitalization [10] [11] [12] . We do not currently know what proportion of patients with pyelonephritis who present to physicians' offices or hospital emergency departments in Manitoba are hospitalized.
At the emergency departments of the two teaching hospitals, current protocol for management ofwomen with acute pyelonephritis is initial parenteral therapy and observation overnight; if the condition stabilizes, then the patient is discharged the next day at which time oral therapy is prescribed [10] . Such cases were not identified in this review of hospital discharges. The option of care in an observation unit is not available for consistent with this reported frequency, but the rates among pregnant women with treaty status are substantially higher. This observation suggests the possibility of suboptimal delivery of prenatal programs that identify and treat asymptomatic bacteriuria in these women, and further evaluation of this possibility seems appropriate. These population-based data clearly identify diabetes as a major comorbidity in hospitalized patients with pyelonephritis. Other investigators have reported that 5.4% [10] and 9% [11] of women with pyelonephritis who present to hospital emergency departments are diabetic. While asymptomatic bacteriuria may occur more frequently in diabetic women [15] , whether the true incidence of symptomatic urinary infection in diabetic women is increased remains controversial. Severe complications of acute pyelonephritis, including emphysematous pyelonephritis [16] , renal and perinephritic abscess [17] , and bacteremia [18] , do occur more frequently in diabetics. However, surprisingly little information describing the impact of diabetes on the incidence or course of acute pyelonephritis has been reported.
The observation of substantially higher rates of hospitalization for pyelonephritis in diabetics suggests several explanations: acute pyelonephritis may occur with increased frequency in diabetic populations; pyelonephritis in a diabetic is more severe, thus increasing the likelihood of hospitalization; and physicians preferentially admit a diabetic patient to the hospital because of concerns of the impact of the infection on the management of diabetes. The last possibility may explain the decreased relative risk of hospitalization for older diabetic women, because older women with pyelonephritis may be more likely to be admitted to the hospital regardless of associated factors such as diabetes.
The frequency of hospitalization for women with treaty status was remarkable. This difference occurred at all ages but was particularly noteworthy among older women. The increased rates of diabetes and pregnancy in the aboriginal population of Manitoba contribute to this marked disparity [19] . The important question of whether this disparity reflects differences in genetics, behavior, or health care delivery or access will need to be answered.
In conclusion, administrative data from Manitoba were used to describe some population-based aspects of acute pyelonephritis. Observations were consistent over the three study years, and the anticipated gender and age variations were documented. There was an extraordinary occurrence of hospitalization for women with treaty status relative to other women. These observations highlight a need for evaluation of prenatal programs for prevention ofpyelonephritis during pregnancy in some population groups and for more analysis ofthe interactions between pyelonephritis and diabetes.
